INTRODUCTION
Escalating urbanisation of the coastal zone combined with rapid population expansion (Small & Nicholls 2003) have resulted in greater than ever anthropogenic nutrient inputs to coastal waters (Jickells 1998 , Smith et al. 2006 , Schlesinger 2009 ), particularly within the Mediterranean region (European Environment Agency 2006). Nutrient enrichment can lead to enhanced primary production by phytoplankton and opportunistic macroalgae and even direct toxic effects (Brun et al. 2002) , eventually causing shifts in the benthic autotrophic community (Short et al. 1995 , Herbert 1999 . These shifts can have consequences for the diversity and functioning of coastal ecosystems (Bachelet et al. 2000 , Worm et al. 2006 , Corzo et al. 2009 ) and, disquietingly, may be rather difficult to reverse (Scheffer et al. 2001 , Sundback et al. 2003 , Herbert & Fourqurean 2008 .
Sources of anthropogenic nutrients to coastal waters are diverse, including atmospheric deposition, agricultural run-off, industrial and urban effluents, and aquaculture (Van Der Voet et al. 1996 , Smith et al. 2006 . Whilst diffuse sources may be more difficult to control, point sources, such as industrial, urban and aquaculture effluents can be identified, regulated and redistributed so as to reduce their local impact (Sales et al. 1983 , Costanzo et al. 2005 .
Nutrients derived from anthropogenic point sources often (but not always) have a distinctive isotopic com-ABSTRACT: Mapping of the nutrient content and isotopic composition of the native, rooted, green macroalga Caulerpa prolifera and the seagrass Cymodocea nodosa was conducted in the summer of 2006 within the inner Bay of Cádiz , SW Spain. Isotope values of suspended solids from aquaculture (δ 15 N = 9 ± 0.88) and urban effluent (δ 15 N = 7 ± 1.97) were similar to the isotopic composition of the macrophytes (δ 15 N range 3.4 to 8.1), suggesting the influence of anthropogenic nutrient sources throughout much of the bay. The N content of tissues (C. prolifera 3.0 to 4.9%; C. nodosa 1.8 to 3.0%) was highly associated with their isotopic composition, indicating that nutrient supply strongly influenced plant stoichiometry. Distance from the source, i.e. variation in water column nutrient concentration, which was also highly correlated with median current velocities (0.03 to 0.18 m s ), appeared to determine the mass transfer of N to the benthos. Significantly lower values of C. nodosa N content and δ 15 N hint at the role strong gradients in environmental conditions may play in promoting the stable coexistence of seagrasses and C. prolifera within the bay. C. prolifera was a useful indicator species that, via the analysis of its tissue composition, can provide a highly effective tool to aid in the management of nutrient inputs within shallow, coastal zones.
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Resale or republication not permitted without written consent of the publisher position, allowing the extent of their influence to be inferred by examining the spatial distribution of stable isotopes within benthic macrophyte communities (Costanzo et al. 2001 , 2005 , Vizzini & Mazzola 2004 . Being generally sessile, the isotopic composition of macrophyte tissues represents the 'integrated' isotopic composition of the nutrient sources reaching the benthos within a certain time period, i.e. the turnover time of tissue regeneration (Fry 2006) . Furthermore, under steady growth conditions, the N content (% dry matter, DM) of macrophyte tissues often represents the specific N assimilation rate of the plants (g N g -1 DM d -1 ) (Costanzo et al. 2000 , Malta et al. 2005 . Thus, when combined, the isotopic and nutrient composition of macrophyte tissues can potentially provide information on the source and magnitude of nutrient inputs to the benthos over time scales of days to months (Inglett & Reddy 2006 Welsh et al. 2000 , Chisholm & Moulin 2003 . Furthermore, although fractionation during N assimilation appears to be low (< 4 ‰) (Williams 1984 , Brabandere et al. 2007 Intraspecific differences in δ 13 C values are rather common (Raven et al. 2002) , usually representing an organism's specific photosynthetic pathway and rate of photosynthesis (Raven et al. 1995 , Grice et al. 1996 . Assimilated C is known to undergo large and variable degrees of isotopic fractionation (Benedict et al. 1980) related to: (1) transport across the diffusive boundary layer and cell wall and (2) fixation by enzymes, such as Rubisco (Raven et al. 2002) . Changes in the C source, possibly related to increasing reliance on dissolved bicarbonate (δ 13 C ≈ 0), rather than dissolved CO 2 (ca. -8) (Raven et al. 2002) or C derived from heterotrophic microbial activity (Staal et al. 2007 ), may also exuberate photosynthetic fractionation effects. Nevertheless, when the isotopic composition of 'man-made' nutrient sources is sufficiently distinct compared to environmental fractionation effects, δ 13 C values can also be used to map the transport of anthropogenic nutrients in a similar fashion to N (Le point et al. 2004 ).
Simultaneous examination of environmental conditions and plant stoichiometry can help with the interpretation of natural variations in macrophyte stable isotope values, allowing potential isotopic fractionation effects to be contrasted against the influence of anthropogenic nutrient sources. C:N ratios of aquatic plants are essentially controlled by the balance between 2 processes: mass transport of nutrients and absorption of light (Duarte 1992 , Baird & Middleton 2004 . When, nutrient uptake is not kinetically limited, i.e. limited by the number of uptake sites and enzyme activity, such as often observed for NH 4 + (Thomas et al. 2000 , Morris et al. 2008 , mass transport is dependent on the concentration of the nutrient in the water column and factors that affect the vertical mass-transfer coefficient. These include water velocity (u), roughness of the bottom, diffusivity of the nutrient and fluid viscosity (Thomas et al. 2000 , Nishihara & Ackerman 2007 . Thus, increases in water column nutrient concentration or water velocity both lead to a strong, non-linear increase in the foliar N uptake of macrophyte communities (Hurd et al. 1996 , Cornelisen & Thomas 2006 , which, under steady growth conditions, results in an increase in the N content of tissues (Costanzo et al. 2000 , Malta et al. 2005 , Cornelisen et al. 2007 .
C assimilation appears to reach kinetic limitation at a relatively low water velocity (< 0.05 m s (Beer & Waisel 1979) . However, photosynthesis is strongly influenced by the amount of light absorbed by the plants, which depends on water depth and, in tidal areas, is often controlled by the local hydrodynamic regime (via resuspension and tidal movements), as well as the intrinsic properties of the macrophyte canopy community, i.e. pigments, density and form of photosynthetic structures (Enríquez & Pantoja-Reyes 2005) .
The aim of the present study was to use the tissue composition of benthic macrophytes as an indicator of the sources and extent of anthropogenic nutrient inputs within the inner Bay of Cádiz, SW Spain ( Fig. 1) -an area of 'Special Community Importance' (SCI), protected by both national and international legislation because of its significance for migrating bird species and wealth of biodiversity. The N and C isotopic composition of suspended solids collected from anthropogenic point sources of nutrients (urban and aquaculture effluent) were compared to the isotopic values of Caulerpa prolifera, a native rooted macroalgae, and the seagrass Cymodocea nodosa. Dominant environmental gradients (depth, median current velocity and light availability) were also characterised using a modelling approach (Alvarez et al. 1997) and the data from a recent 50 kHz acoustic sounder (QTC-V) survey (Freitas et al. 2008) . These were compared to the spatial distribution of macrophyte tissue composition, providing insights into how environmental factors interact to influence nutrient transport and the ecophysiological impact of anthropogenic point sources on the benthic phototrophic community.
MATERIALS AND METHODS
Study area. Bay of Cádiz is located in the west of the Gulf of Cádiz, SW Spain, between 36°23' to 36°37' N and 6°8' to 6°15' W (Fig. 1) . The bay is divided into 2 basins, a shallower inner bay with a mean depth of 3 m mean low water (MLW), and a deeper outer bay with a mean depth of 12 m MLW (Rueda & Salas 2003) . Sediment within the inner bay is composed mainly of fine sand and mud, with a high organic carbon content (Carrasco et al. 2003 , Rueda & Salas 2003 . The inner bay is protected from the action of large waves, but is strongly influenced by semidiurnal co-oscillating tides with a mean amplitude of 1.5 m (Alvarez et al. 1997) . The main water inputs into the inner bay are the tidal exchange with the outer bay (via the narrow 'Puntales' channel) and a number of smaller creeks and channels that connect to the surrounding salt marshes (Fig. 1) . Tidal exchange is relatively high, with average water turnover rates ranging from 50 to 75% per tidal cycle (Alvarez et al. 1997) .
The inner bay is a habitat of particular importance for local biodiversity (López de La Rosa et al. 2006) . Intertidal areas support large populations of migrating birds (Perez-Hurtado et al. 1997) . Extensive beds of rooted macrophytes cover almost the entire benthos. Caulerpa prolifera (Forsskål) J. V. Lamouroux, a native, rooted macroalgae, is numerically dominant and found throughout the subtidal regions. Three species of seagrass also inhabit the bay: Cymodocea nodosa Ucria (Ascherson) and Zostera marina L. occur in patches distributed throughout the shallow subtidal/intertidal regions, while Zostera noltii Hornem. is restricted to intertidal areas. These habitats, in turn, provide shelter and a structure for the settlement and growth of a large community of organisms ( Anthropogenic point nutrient sources. The surrounding region is highly urbanised (Fig. 1) , with a resident population of about 600 000 people that almost doubles in summer due to an influx of tourists. Even though a number of waster water facilities still discharge into the outer bay, successful legislation, regulation and redirection of effluents have led to a greatly improved situation compared to that in the 1980s (Sales et al. 1983 , Carrasco et al. 2003 . On the other hand, as the environmental quality of the bay has improved, the aquaculture of commercially important species has been increasingly promoted within the surrounding salt marshes (Manzano Harriero et al. 2002 , Macías et al. 2005 , resulting in substantial nutrient inputs within certain regions (Tovar et al. 2000b , de la Paz et al. 2008 , Ferrón et al. 2009 ).
The total area dedicated to aquaculture in 2001 was 29 km 2 ( Fig. 1) . Although, generally extensive (area: ) discharges from a 1.3 km 2 intensive aquaculture facility producing 1000 t yr -1 of gilthead bream Sparus aurata within the Rio San Pedro were calculated by Tovar et al. (2000a) . Using these estimates and assuming extensive and sporadic aquaculture discharges are 10% of the intensive culture, aquaculture activities were calculated to produce about 469 527 kg TSS d -1
, 2491 kg Tot-N d -1 and 134 kg Tot-P d -1 ( Fig. 2 ; only discharges from intensive aquaculture are shown). Note the rather high TSS discharges are most likely related to resuspended sediment from the clay ponds, rather than organic matter.
Estimates of daily Tot-N, TSS and Tot-P discharged from large urban wastewater outfalls during 2006 ( Fig. 2 . No attempt was made to estimate nutrient discharges from the smaller industrial, urban and pluvial point sources.
Water column nutrients. Annual mean water column dissolved inorganic N concentrations published by the Andalusian department for environment in 2004 ( Fig. 2A) , ranged from a maximum of 14 µmol N l (Fig. 2B) , ranging from a maximum of 18 mg l -1 to a minimum of 9.5 mg l -1 . Particulate organic matter sampling of point source discharges. Samples of TSS from the outfalls of a wastewater plant serving Puerto Real (n = 2), intensive (n = 3) and extensive (n = 6) aquaculture operations ( Fig. 1) were collected by filtering between 0.5 and 1 l of water over a pre-ashed GF/F filter in June 2008. Filters were dried (60°C, 4 h) and sent for isotope analysis.
Macrophyte tissue sampling. A total of 35 samples of Caulerpa prolifera were collected on 11 July 2006 using a random-stratified design in order to cover as large a region of the subtidal (covered with macrophytes) within the inner bay as possible. A further 17 samples of Cymodocea nodosa were also collected in the south-western corner of the bay as part of a longterm volunteer monitoring programme (FAMAR, http://famar.wordpress.com/) during June and July 2006. The position of each sampling point was recorded using a geographic positioning system (GPS, horizontal error ± 5 m). Spatial coverage was not fully complete as some areas, such as the NE region were inaccessible by boat, whilst in others, such as the shipping channel, C. prolifera was not present. Deep subtidal samples were collected using an Eckman grab (0.2 × 0.14 m, surface area sampled: 0.028 m 2 ) deployed from a small boat, whereas shallow subtidal and intertidal macrophyte samples were collected by hand using a quadrat (0.04 m 2 ). Samples were stored in a cool box until they were transported to the laboratory (within 4 h). No obvious epiphytes could be observed on the fronds of C. prolifera; however, epiphytes were observed on the leaves of seagrasses. Large material was removed from the leaves by hand (carefully scraping); however, no further epiphyte removal measures were taken. Macrophyte tissues were separated from the sediment, cleaned and dried at 60°C till they were at a constant weight (24 to 36 h). All C. prolifera biomass (stolons and assimilators) and above-ground biomass (leaves and sheaths) of C. nodosa collected from each respective sampling point were grouped, weighed (allowing calculation of areal biomass, g DM m -2 ) and ground together to form a fine powder. C:N composition and isotopic analysis. Dried samples of macrophyte biomass (a single sub-sample from each site) and TSS from point sources were analysed in an elemental analyser coupled with an isotope ratio mass spectrometer (Europa Hydra IRMS coupled to a Carlo Erba NC250) for determination of nitrogen and carbon content (percentage N and C) and atomic percent. Stable isotope ratios were converted to ‰ notation using Peedee Belamite (PDB) and air-N 2 as standards for C and N, respectively.
Modelling hydrodynamic and light conditions. Digital elevation model: The depth of the inner bay was mapped at a fine scale using a 50 kHz acoustic sounder (QTC-V) in June 2006. Details about the acoustic measurements can be found in Freitas et al. (2008) . Depth measurements (lowest astronomical tide, LAT) were corrected for tidal differences (using tidal heights measured nearby in Cádiz port) and via kriging, used to produce a digital elevation model (DEM), from which the depth (m) at each sampling point was derived.
Hydrodynamic model: A 2-dimensional, non-linear, finite-difference, hydrodynamic model developed by Alvarez et al. (1997) ) at each sampling point was calculated. Data management and statistics. All available data were placed into a geographic information system (Quantum GIS 1.0.0, http://qgis.org) that was subsequently used to produce maps of the spatial distribution of variables (UTM 30N, ED50 datum). Two-sided t-tests were used to examine whether the mean tissue compositions of Caulerpa prolifera (n = 35) and Cymodocea nodosa (n = 17) were significantly different. Unless otherwise stated mean values are presented with 95% confidence intervals. Associations between C. prolifera tissue composition variables were examined using Pearson's correlation coefficient. Unless otherwise stated, n = 35. Statistical tests were considered significant at p < 0.05. Principle component analysis (PCA) was used to examine correlations between environmental variables and tissue composition of C. prolifera. Only axes with eigenvalues >1 were further considered. Statistics were carried out using R (R version 2.8.1, The R Foundation for Statistical Computing, www.R-project.org).
RESULTS

Stable isotopes and tissue composition
Nitrogen stable isotope values (‰ 15 N) of TSS collected from urban and aquaculture discharges were 7 ± 1.97 (mean ± SD, n = 2) and 9 ± 0.88 (mean ± CI, n = 9), respectively (Fig. 3) . Carbon stable isotope values (‰ 13 C) appeared to be distinct between the 2 sources, with values of -26.5 ± 0.14 and -16.5 ± 0.61 observed for urban and aquaculture effluents, respectively. N content of filters was 0.175 ± 0.035 and 0.06 ± 0.02%, whilst C content was higher, with 0.84 ± 0.11 and 0.57 ± 0.14%, for urban and aquaculture effluents, respectively. δ 15 N values of Caulerpa prolifera ranged from 8.1 to 4.4, with the highest values appearing to be similar to both aquaculture and urban effluent (Fig. 3 ). δ 13 C values ranged from -10.2 to -16.8; these values were substantially more positive than urban effluent. δ 15 N values of Cymodocea nodosa ranged from 3.4 to 5.9 and were significantly different from those of C. prolifera (2-sided t-test, t = -11.18, df = 48.87, p < 0.001) as were δ 13 C values (range: -8.2 to -9.9) (2-sided t-test, t = 15.06, df = 49.87, p < 0.001).
When isotope values were examined in a spatial context, a general gradient in Caulerpa prolifera isotopic values was observed (Fig. 4A, B) . Samples collected from close to the navigation channel that connects the salt marshes with the outer bay had the highest δ 15 N values, whereas samples collected in the southwestern corner, near the Cymodocea nodosa site, tended to have the lowest values. Approximately the inverse pattern was observed for δ 13 C. An indication that higher δ 15 N and lower δ 13 C values represented an increased assimilation of nutrients from anthropogenic sources could be seen when δ 15 N and δ 13 C were plotted against the percentage of N content (Fig. 5A, B) . Caulerpa prolifera N content ranged from 3.0 to 4.9%, whilst Cymodocea nodosa N content was lower (2-sided t-test, t = -11.75, df = 33.65, p < 0.001), ranging between 1.8 and 3%. If the 2 species are considered together, a positive trend (r = 0.82, p < 0.001) of increasing δ 15 N values was observed with increasing percentage of N (Fig. 5A) . A similar, but inverse trend (r = -0.89, p < 0.001) was observed for δ 13 C (Fig. 5B) .
As suggested by the strong correlation with isotope ratios, the N content of macrophytes showed a similar spatial pattern to δ 15 N (Fig. 6A) : the highest values were near the navigation channel and the minimum values were near the southwestern shore. In contrast the carbon content of Caulerpa prolifera tissues (range: 34 to 45%) did not seem to have an obvious spatial distribution (Fig. 6B ) and was only weakly correlated with isotope values (δ 13 C: r = 0.38; δ 15 N: r = -0.36). Hence, mainly because of variation in the percentage of N, the C:N ratios of C. prolifera showed a strong spatial gradient, with values ranging from 14.9 near the southern shore to 8.7 near the channel (Fig. 6C) . Cymodocea nodosa C content (26.2 to 34.9%) (2-sided t-test, t = -15.17, df = 37.56, p < 0.001) and C:N ratios (10.7 to 18.7) (2-sided t-test, t = 4.55, df = 20.06, p < 0.001) were both significantly different to those of C. prolifera.
Caulerpa prolifera biomass ranged from 3.6 to 213.2 g DM m -2 and appeared to have no obvious spatial pattern (Fig. 6D) . Cymodocea nodosa above-ground biomass ranged from 85 to 370 g DM m -2 and was significantly higher than that of C. prolifera (2-sided t-test, t = 4.74, df = 22.96, p < 0.001).
Associations with the environment
Median water velocity at each of the Caulerpa prolifera sampling points ranged from 0.03 to 0.19 m s . Minimum values were observed in the deepest regions (>1 m depth) near the channel, while the highest values were observed in intertidal areas (< 0 m depth), where sampling points were emersed for substantial periods during spring-neap cycles. Because of the morphology of the inner bay, shallow depths were situated near the channel in the east of the bay, meaning that, compared to u, distance from the channel was not as strong a predictor of light dose (r = -0.45, p < 0.01).
PCA (Fig. 7) revealed that the variation in Caulerpa prolifera tissue composition, biomass and the corresponding environmental conditions at each sampling point were explained by 2 component axes (eigenvalues > 1); Axes 1 and 2 accounted for 56 and 15% of the variation, respectively. C. prolifera tissue δ 13 C, δ 15 N, C:N ratios and percentage of N values were all associated with each other, and with Axis 1, which appeared to represent increasing median u associated with decreasing distance from the navigation channel (Table 1) . Axis 2 appeared to represent variation in biomass (DM), which, as noted previously, did not have a clear spatial distribution (Fig. 6D) . C content and mean light dose were associated with each other, and with both Axes 1 and 2. (Figs. 3 & 4) , and only in a relatively small band situated adjacent to the southern shore were δ 15 N values of < 6 observed, suggesting the influence of aquaculture and urban effluents (δ 15 N values between 5.6 and 15.6) throughout most of the inner bay.
The strong positive association between isotope values and the N content of macrophyte tissues (Fig. 5A) indicates that the increasing influence of anthropogenic nutrient sources also represented increasing benthic N assimilation. N contents of Caulerpa prolifera were lower near the southern shore when compared to near the channel (Fig. 6A) , suggesting that, relative to the demands of growth, the supply of N was lower (Baird & Middleton 2004) . Although, as the minimum N content (3.0% DM) was higher than the subsistence N quota of C. prolifera (1.7%; Malta et al. 2005) , it is unlikely that N supply limited growth. Cymodocea nodosa N content was rather similar to C. prolifera samples from the same region and showed a similar tendency, i.e. an association between isotope values and N content, suggesting that the 2 species may potentially be used in combination to map anthropogenic nutrient inputs. Distance from the channel, where most nutrients from aquaculture and urban effluents are transported through the system (Fig. 1) , appeared to be the major factor associated with the supply of N to benthic communities within the inner Bay of Cádiz (Fig. 7, Table 1 ). In which form this N is transported, e.g. particulate, dissolved organic, or inorganic, is at present unclear. The strong correlation between median current velocities and distance from the channel (r = -0.82), suggests that the benthic N supply may also be directly linked to current velocity. Which, via its effect on mass transport, can have a strong, non-linear influence on foliar N uptake (Hurd et al. 1996 , Thomas et al. 2000 , Morris et al. 2008 ) and particle trapping (Peralta et al. 2008) , resulting in differences in the N content of macrophyte communities (Cornelisen et al. 2007 ). δ 13 C values appeared to be mainly influenced by the contribution of C from anthropogenic sources (Fig. 4B), i.e. the distance from nutrient sources. Although the weak positive correlation between light dose and δ 13 C values (r = 0.43, t = 2.73, df = 33, p < 0.05) does hint at the involvement of C isotopic fractionation effects that are related to a gradient in light availability (Grice et al. 1996) . Future examination of spatial variations in water column C availability and isotopic composition in combination with K d (PAR), which is also likely to be influenced by both distance from the channel and hydrodynamics, may help to assess the extent of photosynthetic isotopic fractionation. Differences in isotope and tissue contents were clearly observable between Caulerpa prolifera and Cymodocea nodosa, indicating the different photosynthetic and growth properties of each species. The high δ 13 C values (> -10) of C. nodosa tissues and some samples of C. prolifera (-10.2) found in the shallowest regions suggest reliance on dissolved bicarbonate, rather than CO 2 as a C source (Raven et al. 2002) , although emersion of plants may also play a role (Cooper & McRoy 1988) . Carbon-concentrating mechanisms have been documented in C. nodosa (Beer & Waisel 1979 , Invers et al. 1999 ) and in many macroalgal species (although their occurrence in Caulerpa spp. is still unconfirmed) (Raven et al. 2002) . Local depletion of dissolved CO 2 caused by the high uptake rates of primary producers (Perez Llorens et al. 2004 , Obrador et al. 2007 , combined with high temperatures and low water refreshment rates, are likely to favour increased reliance on dissolved bicarbonate in the shallow, southern region of the bay.
The low C:N ratio of Caulerpa prolifera (Atkinson & Smith 1983 , Duarte 1992 suggests that this species thrives in conditions with a high nutrient supply (Malta et al. 2005) , which, combined with its tolerance of a wide range of light levels (Gacia et al. 1996) (1.2 to 10.7 mol quanta m -2 d -1 ), is likely to be an important factor ensuring its widespread distribution within the inner bay. The high C and N content of this species suggests a strong potential to store nutrients; with a mean biomass of 97 ± 18 g DM m -2 covering an area of ~13 km 2 , 524 t C and 45 t N are trapped within C. prolifera during summer. On the other hand, because of the higher areal biomass of Cymodocea nodosa ), areal C and N would be 58 and 26% higher for the equivalent area of seagrass habitat.
In summary, although the Bay of Cádiz is highly urbanised and has a number of urban wastewater and aquaculture nutrient discharges situated within the area, annual mean water column nutrient and TSS concentrations are within recommended limits for the natural park (Consejería de Medio Ambiente, Junta de Andalucia; Fig. 2) , suggesting low to moderate nutrient contamination and 'no threat to the marine ecosystem ' (Carrasco et al. 2003) . Nevertheless, examination of the nutrient contents and stable iso- tope ratios of Caulerpa prolifera revealed the influence of anthropogenic nutrient sources throughout most of the inner bay. δ 15 N values of suspended solids collected from aquaculture and urban effluent were similar to those in the macroalgae and had a strong association with N content. Anthropogenic nutrient supply strongly influenced the stoichiometry of the plants and was highly associated with median current velocities and distance from the source. Thus, mass transfer of nutrients to the benthos appeared to be highly influenced by the environmental gradients within the bay. Cymodocea nodosa inhabiting the shallow, low-water velocity, south-western shore had significantly lower N content and δ 15 N values than the C. prolifera population, suggesting that lower N availability may have a role in promoting the stable coexistence of seagrasses. The broad distribution of C. prolifera and its wide tolerance to environmental conditions (particularly high N and low light) means it is likely to play a large role in the cycling of nutrients within the inner Bay of Cádiz. Being also sessile and easy to handle, C. prolifera is a useful indicator species that via the analysis of its tissue composition can provide information about the extent and impacts of anthropogenic nutrient inputs. With sufficient 'background information' and a clear tracer signal from the source, examination of macrophyte stable isotope ratios can provide a highly effective tool to aid in the management of nutrient inputs within shallow, coastal zones (McClelland et al. 1997 , Costanzo et al. 2001 , 2005 . 
